Risk Stratification for Sudden Cardiac Death A Puzzle Beyond p Values⁎⁎Editorials published in the Journal of the American College of Cardiologyreflect the views of the authors and do not necessarily represent the views of JACCor the American College of Cardiology. by Lauer, Michael S.
R
S
A
M
B
I
e
m
d
p
r
i
e
t
m
g
m
a
e
v
m
s
p
p
c
l
s
f
n
i
s
h
v
t
a
e
t
r
m
c
2
F
w
p
c
l
r
c
c
t
o
r
m
c
s
i
c
s
a
d

t
d
t
d
t
l
c
p
t
t
a
0
w
i
G
r
o
a
j
*
v
A
I
t
N
L
Journal of the American College of Cardiology Vol. 56, No. 18, 2010
© 2010 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2010.05.047EDITORIAL COMMENT
isk Stratification for
udden Cardiac Death
Puzzle Beyond p Values*
ichael S. Lauer, MD
ethesda, Maryland
n their elegant paper in this issue of the Journal, Laukkanen
t al. (1) report on a seemingly strong association between
aximal oxygen consumption and risk of sudden cardiac
eath. The corresponding p value was0.001. Case closed?
See page 1476
First, some background. Despite dramatic advances in
reventing and treating cardiovascular disease, sudden ar-
hythmic cardiac death remains a major public health threat
n the U.S., affecting between 184,000 and 462,000 people
very year (2). By its very nature, death occurs shortly after
he onset of symptoms, leaving little time for effective
edical interventions. Therefore, there continues to be a
reat deal of interest in identifying effective, clinically useful
arkers of risk, as prevention appears to be the only viable
pproach to decrease substantially this disorder’s devastating
ffects.
The best-known predictor of death is depressed left
entricular ejection fraction, which has been well docu-
ented to be associated with a dramatically increased risk of
udden death (3). Ejection fraction has been used to select
atients for prevention trials (4) and has also been used by
ayers to determine coverage for automated implantable
ardioverter-defibrillators. Nonetheless, ejection fraction is
imited by low sensitivity, as the majority of people who
uffer from sudden cardiac death have a preserved ejection
raction (2).
Over the past 10 to 15 years, investigators have studied
umerous other noninvasive risk-stratification techniques
ncluding QRS duration, QT interval and dispersion,
ignal-averaged electrocardiography, short- and long-term
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auer discloses that he is a full-time employee of the NHLBI.eart rate variability, ventricular ectopy and nonsustained
entricular tachycardia on Holter monitoring, heart rate
urbulence, heart rate recovery after graded exercise, T-wave
lternans, and baroreceptor sensitivity. To date, there is no
vidence that any of these techniques provide clinical utility
o guide selection of therapy (2).
We now come to the paper of Laukkanen et al. (1), who
eport on the use of exercise testing with measurement of
aximal oxygen consumption for prediction of sudden
ardiac death in the community. The investigators followed
,682 men, 40 to 60 years of age, who lived in or near the
innish town of Kuopio between 1984 and 1989. The men
ere generally healthy, with only 7% having a history of
rior myocardial infarction and 1% undergoing previous
oronary bypass surgery. All subjects underwent a symptom-
imited exercise tolerance test with direct analyses of respi-
atory gases. The study was well done, with systematic
ollection of multiple important baseline characteristics,
areful exercise and gas exchange measurements according
o a rigorous protocol, long-term follow-up, a large number
f outcome events, blinded adjudication of deaths, and a
emarkably high rate of documentation of terminal arrhyth-
ia as assessed by electrocardiography or exclusion of other
auses of death by autopsy.
During 17 years of follow-up, 146 men experienced
udden cardiac death. The investigators found that an
ncrease of 1 metabolic equivalent in maximal oxygen
onsumption predicted a 22% reduction in the risk of
udden cardiac death. By traditional hypothesis testing, the
ssociation between maximal oxygen consumption and sud-
en death risk was substantial, with a reported p value
0.001.
Fortunately, the authors did not stop, but chose to take
heir analyses further, beyond the p value. Following up-to-
ate standards in clinical epidemiology (5), they determined
he ability of maximal oxygen consumption to improve
iscrimination and reclassification. Discrimination refers to
he ability to correctly distinguish between higher- and
ower-risk subjects. Reclassification refers to the ability to
orrectly reassign risk given the additional information
rovided by the test.
The investigators found that maximal oxygen consump-
ion led to only a modest increase in discrimination, with
he C-index (a measure that is analogous to the area under
receiver-operating characteristic curve) increasing from
.760 to 0.767. Furthermore, measurement of maximal
orkload led to an essentially identical increase in discrim-
nation, with the C-index increasing from 0.760 to 0.766.
as exchange technology yielded a trivial improvement in
isk discrimination (C-index difference of only 0.001).
When the investigators analyzed the ability of maximal
xygen consumption to reclassify risk, they found that, if
nything, the test yielded misinformation. Among 52 sub-
ects who died from sudden cardiac death and who were
lassified by risk factors as being at only intermediate risk, only
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October 26, 2010:1484–5 Risk Stratification for Sudden Cardiac Deathwere correctly reclassified as being at high risk, whereas 8
ere incorrectly reclassified as being at low risk. Correspond-
ngly, the “net reclassification index” showed no significant
hange (p  0.7), and if anything, trended in the wrong
irection with a value 0.
In summary, despite statistical significance by traditional
ypothesis testing, measurement of maximal workload and
aximal oxygen consumption does not appear to provide
linically meaningful information on long-term risk of
udden cardiac death among middle-aged men.
Why the failure? Maximal oxygen consumption reflects
omplex physiological pathways involving respiratory, car-
iac, autonomic, hematologic, and skeletal muscle function;
he test may not be specific enough to accurately detect
uture fatal cardiac arrhythmia. The investigators measured
nly 1 baseline value of maximal oxygen consumption; it is
ossible that serial measurements may have improved pre-
iction. The investigators did not include electrophysiolog-
cal measures such as T-wave alternans and heart rate
ariability; it is possible that a combined panel of measure-
ents including exercise and electrophysiological measures
ay have yielded substantially improved degrees of discrim-
nation and reclassification.
The investigators are to be particularly commended for
omparing the predictive properties of maximal workload
nd maximal oxygen consumption. Measurement of maxi-
al workload is much less technology-intensive than mea-
urement of gas exchange, yet yielded essentially identical
rediction. This finding is remarkably consistent with a
ecent report on patients undergoing metabolic exercise
esting as part of a cardiac transplantation evaluation;
xercise treadmill time was practically as good as maximal
xygen consumption for prediction of all-cause mortality
6). These kinds of studies, along with others, argue that, in
edicine, more is not necessarily better (7).
Our battle against sudden cardiac death is far from over.
hile automated implantable cardioverter-defibrillatorsertainly save lives (4), we are still lacking effective risk
K
dtratification and preventive interventions for the majority of
eople who will ultimately experience sudden cardiac death.
he well-done but negative study of Laukkanen et al. (1) is
potent reminder of the need for basic, translational, and
linical research to redefine paradigms for confronting this
ngoing public health scourge. It also serves to caution us of
he dangers of excessive reliance on p values.
eprint requests and correspondence: Dr. Michael S. Lauer,
ivision of Cardiovascular Sciences, National Heart, Lung, and
lood Institute, 6701 Rockledge Drive, Room 8128, Bethesda,
aryland 20892. E-mail: lauerm@nhlbi.nih.gov.
EFERENCES
. Laukkanen JA, Mäkikallio TH, Rauramaa R, Kiviniemi V, Ronkainen
K, Kurl S. Cardiorespiratory fitness is related to the risk of sudden
cardiac death: a population-based follow-up study. J Am Coll Cardiol
2010;56:1476–83.
. Goldberger JJ, Cain ME, Hohnloser SH, et al. American Heart
Association/American College of Cardiology Foundation/Heart
Rhythm Society scientific statement on noninvasive risk stratification
techniques for identifying patients at risk for sudden cardiac death: a
scientific statement from the American Heart Association Council on
Clinical Cardiology Committee on Electrocardiography and Arrhyth-
mias and Council on Epidemiology and Prevention. J Am Coll Cardiol
2008;52:1179–99.
. Bailey JJ, Berson AS, Handelsman H, Hodges M. Utility of current risk
stratification tests for predicting major arrhythmic events after myocar-
dial infarction. J Am Coll Cardiol 2001;38:1902–11.
. Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an implantable
cardioverter-defibrillator for congestive heart failure. N Engl J Med
2005;352:225–37.
. Hlatky MA, Greenland P, Arnett DK, et al. Criteria for evaluation of
novel markers of cardiovascular risk: a scientific statement from the
American Heart Association. Circulation 2009;119:2408–16.
. Hsich E, Gorodeski EZ, Starling RC, Blackstone EH, Ishwaran H,
Lauer MS. Importance of treadmill exercise time as an initial prognostic
screening tool in patients with systolic left ventricular dysfunction.
Circulation 2009;119:3189–97.
. Brownlee S. Overtreated: why too much medicine is making us sicker
and poorer. 1st U.S. edition. New York, NY: Bloomsbury, 2007.ey Words: cardiorespiratory fitness y exercise testing y sudden cardiac
eath.
